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1.0  (S)  OVERALL  PROGRAM  PERFORMANCE  RESULTS  (U) 

(C)  The  presently  described  BEARING  STAKE  tests  are  the 
result  of  the  ADAS/SPRAY  follow-on  program  to  the  successful 
MINYAKA  sea  tests  (Reference  1)  conducted  off  Eleuthra  and 
Charleston,  South  Carolina  in  1975.  As  with  MINYAKA,  the 
BEARING  STAKE  tests  were  performed  under  the  sponsorship  of 
the  Naval  Air  Systems  Command,  Code  AIR-370,  with  the  technical 
direction  of  the  Naval  Air  Development  Center.  This  document 
is  Volume  I of  a four  volume  final  report  under  contract 
N62269-77-M-6884. 

(S)  The  objective  of  the  ADAS/SPRAY  Sea  Test  Trials 
was  to  demonstrate  the  feasibility  of  developing  the  lowest-cost 
class  of  sonobuoy  sensor  to  (a)  detect  the  postulated  third- 
generation  Soviet  nuclear  threat  when  the  sensor  is  deployed  in 
"deep"  (tending  toward  cylindrical  spreading)  water,  and  (b) 
operate  at  ranges  in  excess  of  100  nautical  miles.  This  ob- 
jective has  been  met  not  only  in  the  "deep"  MINYAKA  test  site, 
but  also  on  the  medium  depth  BEARING  STAKE  test  site  which 
is  the  subject  of  this  report.  For  these  areas  such  a sensor 
provides : 

• Lowest  cost  per  unit  search  area  or  per  hydrophone 
channel  relative  to  VLA’s  circular  planar  arrays  or 
conventional  buoys. 


| • Lowest  number  of  processor  channels  per  unit  search 

l area. 

>p  • ‘ 


h 


(U)  Figure  1-1  shows  an  ADAS  operational  concept  for  an 
air-launched  array  system.  Also  shown  is  the  sea  test  hardware 
used  for  MINYAKA  and  BEARING  STAKE . 
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(C)  ADAS  is  a remotely-deployed  self -tensioning , 
horizontal-line  acoustic  array  sonobuoy.  The  SPRAY  hardware'*' 
used  to  evaluate  the  operation  of  such  a concept  was  fabricated 
by  Sanders  Associates,  Inc.  and  is  designed  for  over-the-side 
automatic  deployment  with  VHF  relay  of  the  multiplexed  array 
data.  This  design  has  been  tested  for  apertures  up  to  2500  feet 
with  design  growth  of  up  to  10,000  feet.  Current  multiplexing 
capability  comprises  106  acoustic  channels  with  a bandwidth  of 
10  to  300  Hz.  For  these  tests,  53  elements  were  deployed. 

This  exceeds  the  number  of  active  elements  (approximately  24  to 
32)  currently  planned  for  the  ADAS  buoy.  Thus,  the  tests  were 
designed  to  (a)  show  that  the  ADAS  design  is  adequate,  and  (b) 
obtain  some  indication  of  how  much  gain  could  be  achieved. 

(C)  The  ADAS  program  designed  a series  of  tests  in  which 
data  has  been  collected  at  the  sites  and  conditions  listed  in 
Table  1-1.  This  report  covers  the  BEARING  STAKE  results. 

Volume  la  does  include  fllNYAKA  results  to  allow  comparison  to 
BEARING  STAKE  measurements. 

(C)  For  BEARING  STAKE,  six  launches  were  attempted; 
five  successful,  one  aborted  due  to  a seawater  short  in  the 
system.  One  short  array  (433-foot  active  length  with  53  elements 
spaced  A/2  at  300  Hz)  with  one  long  array  (25G0-£oot  active  length 
with  53  elements  spaced  slightly  less  than  A / 2 at  50  Hz) , were 
successfully  launched  in  each  site.  In  both  sites,  most  of  the 
recorded  data  for  the  long  array  deployment  were  contaminated 
with  high  level  nonacoustic  noise  resulting,  we  believe,  from 
seawater  leakage  through  pinholes  in  the  array  cable.  Thus,  the 
BEARING  STAKE  data  reported  herein  are  for  the  short  array  only. 
Figure  1-2  shows  typical  sound  velocity  profiles  for  the  three 
BEARING  STAKE  sites. 


(1)  Sanders  has  received  two  patents  for  the  Self -Tensioning 
Array  Concept;  March  26,  1974  and  January  13,  1977,  Nos. 
3,800,271  and  4,004,265,  respectively. 
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Representative  Sound  Velocity  Profiles  in  Three 
BEARING  STAKE  Sites  (U) 


SECRET 

(S)  Mid-water  ADAS  tests  were  performed  as  a part  of 
the  BEARING  STAKE  test  program.  The  overall  results  of  this 
test  series  are  quite  positive,  adding  significantly  to  the 
MINYAKA  data  base  and  further  verifying  system  performance 
goals.  Tests  were  performed  in  mid-to-deep  water,  spanning 
velocity  profiles  with  zero  to  rather  large  depth  deficiencies. 

This  filled  the  gap  between  the  MINYAKA  acoustic  environmental 
envelopes  of  very  shallow  water  with  large  depth  deficiency, 
and  very  deep  water  with  large  depth  excess.  As  might  be  ex- 
pected, the  BEARING  STAKE  results  lie  approximately  between 
the  MINYAKA  extremes . 

• Array  Gain 

Typical  measured  values  are  within  about  3 dB  of 
theoretical  for  the  full  aperture  array  at  290  Hz 
(-A/2  spacing)  in  the  deep  Site  4 (Somali  Abyssal 
Plain  which  has  a fully  developed  sound  channel) , 
and  closer  for  reduced  aperture  (16,  32  elements) 
or  lower  frequency  (140  Hz) . In  Site  3 (Arabian 
Basin,  1200-meter  depth  deficiency),  and  Site  1A 
(Gulf  of  Oman,  1860-meter  depth  deficiency) , array 
gains  are  progressively  smaller,  typically  within 
about  5 dB  of  theoretical  for  Site  1A.  At  140  Hz 
(-X/4  spacing)  , measured  gains  ax*e  closer  to 
theoretical.  There  appears  to  be  a graceful  de- 
gradation in  array  performance  with  increasing 
depth  deficiency  for  these  results. 

• FOM  and  Range  Predictions 

System  FOM  based  on  the  12  measured  data  points  in 
the  three  sites  averaged  89.8  dB.  The  maximum  value 
of  92.8  d3  in  Site  4 corresponds  to  c mean  third 
generation  detection  range  of  over  200  nmi.  Typical 
ranges  averaged  from  98  nmi  in  Site  1A  to  150  nmi 
in  Site  4.  Figure  1-3  shows  approximate  50%  P^ 
range  circles  for  the  third  generation  threat  290  Hz 
line,  as  well  as  maximum  ranges  computed  at  135  dB/nPa. 

«rPET  6 


ID  GENERATION  THREAT  DETECTION 
RS  BASED  ON  AVERAGE  FOM  (U) 


(S)  S31IS  3MV1S  DNiavaa  33HH1  Nl  H10IM  ZH  IBO'O 
'6dn8P  SCI  ‘31(111  ZH  06Z  1V3UH1  N0IIVU3N39  OMHi  UOJ 
S39NVU  °d  %0S  KinWIXVW  QNV  NV3I/U  Q3133rOBd 


x s 

O O rj 

<i«ar,x2 

^•3#  zS  s _ 

fx  H S§(  /T^ 

| y 



U.Q 


I )s* 

/ « w 
« « 


X o «® 
< <N^-  — 
S/>— ■ 

([  t“. 

\V" 


2 i 

< lJ 

5 IflH  < 
2 — A U) 
/ rf  W 
3S  >< 
_ o m 

W <C 


PLAIN  EAST  | LONGITUDE 


SECRET 


(S)  • Beamwidth 

Full  aperture  measured  beamwidth  is  within  2.1°  rms 
of  theoretical.  It  appears  to  have  no  particular 
correlation  to  water  depth  (SVP  character)  but  is 
heavily  influenced  by  interfering  sources.  It  is 
most  affected  in  Site  3 where  many  (six  vessels 
within  10  nmi)  interferers  are  present.  Beamwidth 
is  consistently  closer  to  theoretical  than  either 
signal  gain  or  array  gain  (see  Figure  1-4) . 

• Signal  Gain 

This  appears  to  correlate  well  with  beamwidth,  and 
also  with  arra^  gain,  except  in  Site  1A.  Here  the 
signal  gain  inexplicably  averages  about  7.4  dB  below 
theoretical  compared  with  beamwidth  equivalent  per- 
formance which  is  within  0.5  dB  of  theoretical,  and 
array  gain  2.5  dB  below  theoretical.  Graphical 
comparisons  are  shown  in  Figure  1-4  between  beam- 
width,  signal  gain  and  array  gain. 

(C)  As  noted  on  the  figure,  the  range  of  elements  ex- 
pected for  ADAS  use  is  between  24  and  32.  In  this  range,  the 
maximum  gain  loss  is  2.5  dB  . 

(C)  It  is  quite  plausible  that  this  loss  is  attributable 
to  under-sampling  in  the  beamformer  which  samples  at  1200  Hz. 

At  300  Hz,  this  would  give  rise  to  quite  high  phase  grating  lobes, 
whereas  at  140  Hz,  this  effect  would  be  negligible.  (The  140  Hz 
data  is  shown  in  Figure  1-6.)  It  will  be  noted  that  the  140  Hz 
data  is  consistently  better  than  the  290  Hz  data.  From  this, 
we  infer  that  the  losses  seen  will  tend  to  be  eliminated  through 
higher  data  sampling  in  the  beamforming  design. 
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(S)  Target  of  Opportunity  (U) 

Figure  1-5  is  a LOFAR  gram  showing  a partial  signature 
of  a Type  II,  Victor  class  Soviet  nuclear  submarine  detected  on 
a single  element  in  the  short  array.  This  contact  was  made  at 
1107Z  on  19  January  1977  in  Site  1A.  The  familiar  300  Hz 
cluster  is  evident  in  the  right  1/3  of  Figure  1.5.  Duration 
of  detection  was  14  minutes,  from  1107Z  to  1121Z.  The  Tactical 
Support  Center  (TSC)  at  the  U.  S.  Naval  Air  Station,  Brunswick, 
Maine  verified  the  above  identification  as  to  type  and  class  of 
contact  based  on  examination  of  this  gram  in  June,  1977. 


(S)  Summary  (U) 

Figure  1-6  is  a plot  of  all  ADAS  results  to  date  for 
signa^.  gain  and  array  gain  as  a function  of  depth  deficiency  and 
excess,  co’-ering  both  MINYAKA  and  BEARING  STAKE.  Only  for  very 
shallow  water,  were  the  losses  substantial  (4  to  5 dB) . For 
depth  deficiencies  of  2000  meters  or  less,  array  gain  for  32 
elements  (16A;  was  down  at  most  2.5  dB  from  theoretical  (290  Hz). 


(C)  as  already  noted,  i is  believed  that  this  loss  is 
due  to  limitations  in  the  beamformer  used  for  the  data  reduction, 
and  did  not  ari^e  from  limitations  in  the  array  performance. 

(C)  In  terms  of  array  performance,  the  goals  of  the  ADAS/ 
SPRAY  sea  test  program  have  bee’-  achieved;  that  is,  to  sh'  <.-  that 
utilizing  realistic  specifications,  low-cost  expendable  drift 
arrays  that  can  be  deployed  from  sonobuoys  can  detect  a third 
generation  equivalent  target  at  100  miles  or  greater  in  broad 
classes  of  ocean  conditions. 
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1.1  (S)  TEST  RESULTS  SUMMARY  (U) 


(C)  The  purpose  of  the  current  test  series  was  to  add  to 
the  MI NY AKA  data  base  and  determine  system  performance  against 
tonals  that  are  representative  of  both  second  and  third  genera- 
tion targets  in  the  140  to  300  Hz  band.  Tests  were  run  in  mod- 
erate (9900  ft.)  to  deep  (16,800  ft.)  water  using  a 433  foot 
linear  array  of  53  elements  with  uniform  X/2  spacings  (8.33  ft.) 
at  300  Hz.  Such  an  array  has  a nominal  gain  of  17.2  dB  (10  log 
53)  at  300  Hz  and  the  gain  has  a 3 dB/octave  slope  about  300  Hz. 
Nominal  beamwidth  is  1.95°  at  300  Hz  for  the  full  aperture. 

Array  gain  is  diminished  at  approximately  3 dB  per  halving  of 
aperture  (by  processing  fewer  elements,  for  example)  but  beam- 
width  is  broadened. 


(C)  The  types  of  measurements  planned  and  executed  are 
as  follows: 

• Signal,  noise,  and  signal-to-noise  ratio  on  in- 
dividual Omni  hydrophones,  and  the  mean  values 
over  a representative  set  of  omnis. 

• Measurement  on  and  about  the  main  response  axis 
to  determine  direction  to  target,  signal  level 
and  main  lobe  beam  pattern  response. 

• Signal-to-noise  gain  versus  number  of  elements. 

• Measured  beamwidths  for  quarter,  half  and  full 
aperture  and  comparison  to  theoretical . 

• Variation  in  range  22  to  175  NM 

• Variation  in  beamwidth  (due  to  2.7°  to  30.8° 

variation  steering  angle  and 

aperture  size) 

• Variation  in  steering  angle  12°  to  64° 

(relative  to  broadwide) 


1$ 
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(C)  The  extremes  in  measured  array  (signal-to-noise) 
gain  of  the  full  aperture  (51  elements  nominal)  relative  to 
the  average  omni  in  the  array  are  as  follows : 


(S)  Maximum/Minimum  Measure-.'  Array  Gains 
(Relative  to  Average  Omni)  (U) 


I 

i 

It 


SNR  Gain 
Versus 
Omni  (dB) 

Maximum 

Minimum 


Free  (Hz) 
140 

15.5 


Freq  (Hz) 
290 


16.8 


Freq  (Hz) 
295 


The  theoretical  SNR  gain  at  140  Hz  is  reduced  approximately 
3.3  dB  relative  to  the  300  Hz  array  design  frequency. 


(S)  The  tonals  of  most  interest  were  140  Hz  and  290  Hz. 
Relatively  high  source  levels  were  utilized  for  these  tonals  as 
shown  in  Table  1-2,  the  295  Hz  tonal  more  nearly  approaches  the 
third  generation  290-300  Hz  line  level  of  135  dBuPA.  It  is 
noted  that  in  Site  1A,  the  low  level  295  Hz  line  was  detected  at 
91  NM  and  in  Site  4,  data  point  (DP)  9,  at  72  NM.  These  are 
within  the  region  of  expected  50%  PD  detection  based  on  the  com- 
puted FOM's  of  93  dB  and  97.1  dB*  from  which  ranges  of  127  and 
at  least  240  NM  respectively  are  predicted. 


(C)  The  stronger-signal-levels  provide  less  uncertainty  in 
signal  measurements  and  data  reduction  due  to  greater  noise 
immunity  and  a more-nearly-linear  processing  correction  (for 
the  envelope  detection  performed  in  the  MCPS-32  Analyzer,  see 
Volume  II,  Section  2).  Thus,  greater  data  reliability  is  pro- 
vided by  the  stronger  signal-level  data. 

* Used  conservative  array  gain  of  11.7  dB  for  DP  9 where  omni  data 
was  not  available  to  compute  array  gain. 
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* Not  Projected 
**  Not  Detected 

**  Detectedl-Not  enough  points  for  3 dB  point  beamwidth  measurement 
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(C)  Array  Performance  at  295  Hz  - Only  s.  limited  and 
somewhat  dubious  data  base  (2  data  points)  for  array  gain  is 
reported  for  the  295  Hz  line.  Because  the  low  295  Hz  signal 
levels  radiated  were  detected  on  omni  channels  only  in  Site  1A 
(DP  1 and  2) , array  gain  is  reported  only  for  chase  data 
points.  The  beamformed  array  output,  however,  indicated  de- 
tections of  the  295  Hz  line  in  all  three  sites.  See  Section  2.6, 
Volume  IB. 


(C)  For  the  295  Hz  data,  the  conclusion  drawn  is  that 
measured  omni  signal  levels  are  suspect  and  the  resulting  SNR 
and  AG  values,  including  other  data  presented  is  questionable. 

It  is  noted  that  the  AG  for  data  points  8 and  9 must  exceed  9.7 
and  11.7  dB  respectively,  since  presumably  the  omni  SNR  for  these 
points  is  zero  dB  or  less. 


(C)  It  will  be  noted  throughout  that  the  maximum  nominal 
aperture  comprises  51  elements,  rather  than  the  greatest  possible 
value  of  53  elements.  This  is  because  several  of  the  elements 
during  the  various  launches  turned  out  to  be  excessively  noisy 
(sufficient  to  product  channel  clipping  in  some  instances) . 

At  various  times,  the  following  elements  were  eliminated: 


Element 

Number  Problem 


Data  Points 
Affected 


7 

Clipping 

2,  8,  10 

8 

Clipping 

2,  8,  10 

15 

Clipping 

1,  2,  8 

28 

Intermittent,  from 
satisfactory  to 
"large  spikes" 

3,  h,  5,  6,  /, 
9,  10 

29 

M 

3 , 4 , 5 , 6 , 7 , 
9,  10 

16 

x ftimntinrm 
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(C)  Such  “holes"  in  the  aperture  were  accounted  for  in 
the  modeling  performed  to  generate  theoretical  beam  patterns 
and  gain  values  throughout  this  report.  Thus,  when  elements 
7,  8,  15,  28,  29  are  eliminated  from  Site  8 data,  for  example, 
the  pattern  presented  in  Figure  1-7  has  accounted  for  these 
missing  sensors,  and  the  effect  is  apparent  as  higher-than- 
normal  side  lobes  at  the  0°  and  180°  scale  azimuth  values.* 
(The  pattern  spikes  at  26°,  68°,  292°  and  334°  are  due  to 
sampling  the  data  at  a frequency  below  that  required  to  elimi- 
nate sampling  grating  lobes.)  The  azimuth  gain  value  16.92  dB 
is  based  on  the  actual  pattern  displayed. 


y'O 


S'. 


(S)  A virtually  complete  summary  of  the  data  measured 
for  the  entire  exercise  appears  in  Table  1-3.  This  will  be 
discussed  in  detail  in  the  following  sections,  but  a few  over- 
all observations  can  be  made  immediately.  Measured  array 
gains  are  somewhat  below  the  values  obtained  in  the  deep  water 
MINYAKA  exercise,  and  data  dispersion  is  more  apparent.  This 
is  expected  because  of  greater  signal  interaction  with  the 
surface  and  bottom  boundaries  for  the  present  SVP’s.  Although 
all  data  was  checked  carefully,  there  is  an  apparent  error  in 
the  measured  gain  for  DP  5,  at  least  for  the  16-element  aper- 
ture, where  a value  of  18  dB  (double  the  computed  value)  is 
reported.  The  value  of  16.4  dB  for  the  32  element  aperture 
also  appears  optimistic. 


(U)  In  data  locations  denoted  (b)  , good  array  data  is 
available.  The  reference  omni  data,  however,  had  insufficient 
signal  level  to  detect  a tonal  in  the  analysis  bandwidth. 

For  data  denoted  (a) , there  was  either  insufficient  signal-to- 
noise  or  signal-to-interfering  tonal  to  determine  a meaningful 
pattern  response.  Both  cases  would  improve  with  greater  pro- 
jected signal  level. 


* For  the  azimuth  scale  shown  in  the  beam  pattern  plots  a 90 
offset  is  included.  Thus,  110°  corresponds  to  20°  off  broad- 
side . 
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1.2  ENVIRONMENTAL  ACOUSTIC  AND  GEOGRAPHIC  DATA  (U) 

(C)  Tests  were  conducted  at  three  Indian  Ocean  sites 
denoted  by  0's  on  the  relief  map  in  Figure  1-8.  Site  numbers 
and  locations  are  listed  in  Table  1-4  along  with  pertinent 
environmental  acoustic  data.  Representative  sound  velocity 
profiles  (SVP's)  were  picture  in  Figure  1-2  and  show  dimin- 
ishing depth  deficiency  as  depth  increases  from  Site  1A  to 
Site  4.  These  SVP's  were  input  to  the  FACT  model  to  generate 
the  arrival  angle  and  transmission  loss  curves  plotted  in 
Figures  1-9  through  1-17,  which  were  used  to  estimate  range 
in  Section  2.1.  The  array  was  at  a nominal  100  ft.  depth 
and  the  projector  at  60  ft.  depth  through-.  :t  the  exercises. 
Projector  frequencies  and  levels  are  noted  in  Table  1-2. 

(C)  Arrival  structure  plots  are  typical  of  mid-depth 
to  deep  water  with  significant  energy  at  high  arrival  angles 
in  close  (<20  NM) , but  with  most  of  the  signal  contained  within 
+10°  (even  less  for  Site  4)  oeyond  about  50  NM.  All  six 
transmission  loss  plots  exhibit  very  low  loss,  with  slopes 
in  the  vicinity  of  10  dB/decade  (cylindrical  spreading)  out 
to  240  NM.  One  would,  therefore,  expect  large  detection 
ranges  even  for  a modest  horizontal  array  (assuming  approxi- 
mately coherent  signal  summation) , and  handsome  rewards  in 
added  surveillance  area  covered  with  increased  array  aperture. 
The  key,  of  course,  is  coherent  signal  summation,  which  we 
have  observed,  appears  to  become  more  difficult  to  obtain 
when  the  jump  is  made  from  approximately  half  aperture  (32 
elements)  to  full  aperture  at  300  Hz  (2  A/2  spacing) . See 
Figures  2-1  and  2-2.  It  is  felt  that  the  plane  wave  model 
used  is  inadequate  for  the  amount  of  signal  decorrelation  ex- 
perienced at  the  25  X aperture,  at  least  for  depth  deficient 
conditions . 
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(C)  Ambient  noise  levels  measured  during  the  test 
series  agree  reasonably  well  (within  2 to  10  dB)  with  pre- 
viously reported  data.  As  shown  in  Figure  1-18,  the  omni 
noise  levels  are  approximately  -5  dB,  +2  dB  and  -6  to  -9  dB 
for  Sites  1A,  3 and  4 respectively,  relative  to  the  Vidale 
data.*  Mean  noise  levels  for  the  three  sites  are  plotted 
against  the  Trident  noise  curves  for  reference  in  Figure  1-19. 
The  measured  BEARING  STAKE  data  falls  between  the  E and  F 
shipping  levels  and  sea  state  4.  Although  the  reported  level 
was  sea  state  1,  the  combined  shipping  and  sea  state  components 
appear  to  be  reasonable. 

(U)  Navigation  plots  for  the  data  reported  appear  as 
Figures  1-20,  1-21,  and  1-22  for  the  three  sites.  Data  points 
are  designated  in  circles  along  the  projector  ship  (Kingsport) 
track.  Array  launch  location  is  indicated  by  a triangle. 
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Subj : DECLASSIFICATION  OF  LONG  RANGE  ACOUSTIC  PROPAGATION  PROJECT 
(LRAPP)  DOCUMENTS 

Ref:  (a)  SECNAVINST  5510.36 

Enel:  (1)  List  of  DECLASSIFIED  LRAPP  Documents 

1 . In  accordance  with  reference  (a),  a declassification  review  has  been  conducted  on  a 
number  of  classified  LRAPP  documents. 

2.  The  LRAPP  documents  listed  in  enclosure  (1)  have  been  downgraded  to 
UNCLASSIFIED  and  have  been  approved  for  public  release.  These  documents  should 
be  remarked  as  follows: 

Classification  changed  to  UNCLASSIFIED  by  authority  of  the  Chief  of  Naval 
Operations  (N772)  letter  N772A/6U875630,  20  January  2006. 

DISTRIBUTION  STATEMENT  A:  Approved  for  Public  Release;  Distribution  is 
unlimited. 

3.  Questions  may  be  directed  to  the  undersigned  on  (703)  696-4619,  DSN  426-4619. 
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